Aims: To evaluate the efficacy and safety of evogliptin, a newly developed dipeptidyl peptidase-4 inhibitor, in patients with type 2 diabetes (T2D) inadequately controlled by diet and exercise.
Conclusions: In this 24-week study, once-daily evogliptin monotherapy significantly improved glycaemic control and was well tolerated in patients with T2D. These factors may explain the significant increase in prescriptions for DPP-4 inhibitors. [2] [3] [4] Evogliptin is a novel, oral, once-daily, selective DPP-4 inhibitor with a low potential for interaction with other simultaneously administered drugs. 5 In a phase I clinical trial, plasma DPP-4 activity was inhibited by >80% within 0.5 to 1.0 hours with each single dose of evogliptin 5, 10 or 20 mg. The 80% inhibition of plasma DPP-4 activity was maintained over 24 hours after 10 days of evogliptin administration at these doses. 6 Evogliptin does not interact with cytochrome P450 3A4 (CYP3A4) and <35% of evogliptin is excreted in the urine. 7 Analysis of the pharmacokinetics and tolerability of evogliptin in patients with renal impairment showed that dose adjustment of evogliptin was not required. 8 In a phase II clinical trial, treatment with evogliptin (2.5, 5 and 10 mg once daily for 12 weeks) significantly reduced HbA1c levels compared with placebo, and evogliptin 5 mg was selected for a phase III clinical trial because of its superior efficacy. 9 Based on these findings, we conducted a phase III trial of evogliptin monotherapy. The aim of the present study was to evaluate the efficacy and safety of evogliptin 5 mg vs placebo for 24 weeks in patients with T2D inadequately controlled by diet and exercise.
| MATERIALS AND METHODS

| Study setting and design
The present study was a multicentre, randomized, double-blind, placebo-controlled, phase III trial. The trial was conducted at 25 sites in Korea (ClinicalTrials.gov Identifier: NCT02946541). The protocol was reviewed and approved by the institutional review board at each participating centre. This study was performed according to the Good Clinical Practice guidelines and the Declaration of Helsinki. All patients provided written informed consent prior to participation.
The study consisted of the following three periods: a 2-week screening period; a 2-week single-blind placebo period; and a 24-week double-blind, randomized treatment period. During the screening period, the patients were provided with counselling on diet and exercise. After the screening period, HbA1c and safety laboratory measurements were performed to confirm study eligibility at week −2. Eligible patients were enrolled in the single-blind placebo period.
After the single-blind placebo period, the patients underwent baseline evaluations and were assigned randomly in a 1:1 ratio to receive once-daily evogliptin 5 mg or placebo for 24 weeks at week 0. The randomization was stratified by HbA1c (<8.5% or ≥8.5%) measured at week −2. Diet and exercise were reinforced during the entire study period.
| Study participants
Eligible patients were aged ≥18 years and had not received any antidiabetic agents for 6 weeks prior to the screening. The patients were required to have fasting plasma glucose (FPG) levels <15.0 mmol/L and HbA1c levels of 6.5% to 10% at the screening and at week −2.
Patients were excluded if they met one or more of the following criteria: type 1 diabetes; gestational diabetes; myocardial infarction or a stroke within 6 months prior to the study screening; impaired hepatic function; New York Heart Association class III or IV congestive heart failure; a prescription for insulin, GLP-1 analogues, thiazolidinediones or DPP-4 inhibitors within 6 months prior to the study screening; a history of coronary artery bypass surgery or gastrointestinal surgery; serum creatinine ≥124 μmol/L in women or >133 μmol/L in men; triglycerides ≥4.52 mmol/L; a history of illegal drug or alcohol abuse in the 2 months prior to the study screening; and treatment with systemic glucocorticoids, CYP3A4 inducers or inhibitors. Additionally, patients were excluded if they were pregnant, lactating, planning a pregnancy, or had a body mass index (BMI) <20 or >40 kg/m 2 .
| Study endpoints
The primary efficacy endpoint was the mean change in 
| Statistical analysis
The study was designed with 85% power to show the superiority of evogliptin vs placebo on the mean change in HbA1c from baseline to week 24 using a two-sided α value of 0.05. A mean difference in HbA1c change of 0.5% with evogliptin vs placebo (standard deviation [s.d.] of 0.9) was assumed. Under this assumption, the sample size was set at 104 patients in the evogliptin group and 52 patients in the placebo group by considering a 15% dropout rate. Because of an unintended treatment allocation coding error, 80 patients were assigned to each group, resulting in 89% power at a two-sided α of 0.05 under the assumption described above. The efficacy endpoints were analysed using the full analysis set of data, which refers to all randomized participants treated with at least 1 dose of the study medication and who had HbA1c measured at baseline and at least once during the study period. The last observation carried forward method was used for imputing missing data for all efficacy endpoints. 3 | RESULTS
| Patient disposition
Of the 222 patients screened, 160 eligible patients were randomized for treatment as follows: 80 patients received evogliptin and 80 patients received placebo. After excluding three patients without efficacy data among the randomized patients, a total of 157 patients were included in the full analysis set. In total, 147 patients (72 patients in the evogliptin group and 75 patients in the placebo group) completed the 24-week treatment ( Figure 1 ). The baseline demographics and clinical characteristics of the patients at randomization were similar in the 2 groups (Table 1 ). The mean HbA1c at baseline was 7.2% in both treatment groups. Approximately 96% of the patients had HbA1c levels <8.5%.
| Efficacy
The mean HbA1c significantly decreased from 7.20% at baseline to 6.97% at week 24 in the evogliptin group. By contrast, the mean HbA1c level increased modestly in the placebo group. As a result, the mean change in HbA1c from baseline to week 24 was significantly greater in the evogliptin group than in the placebo group (−0.23% vs 0.05%; P < .0001[ Figure 2A ]).
The proportion of patients achieving HbA1c <6.5% at the end of the study was significantly higher in the evogliptin group than in the placebo group (33.3% vs 15.2%; P = .008 [ Figure 2B] ). Although the mean change in FPG from baseline to week 24 increased in both groups, a numerically greater increase was seen with placebo compared with evogliptin (0.008 mmol/L in the evogliptin group and 0.401 mmol/L in the placebo group [ Figure 2C] ).
The results from the exploratory efficacy endpoints are provided in Table S1 and Figure S1 . A numerically greater improvement was for insulin, C-peptide and active GIP increased more with evogliptin than with placebo. There were no between-group differences in fasting lipid variables, such as total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides and free fatty acids after 24 weeks. No evident changes in body weight and body fat were observed in the evogliptin group from baseline to week 24.
Pre-planned analyses were performed for gender, age (≥65 years or <65 years), BMI (>25 kg/m 2 or ≤25 kg/m 2 ), and the use of any previous antidiabetic drug. The mean reductions in HbA1c from baseline to week 24 were greater in the evogliptin group than in the placebo group (data not shown).
| Safety
Treatment-emergent AEs were reported by 33.3% of the patients in the evogliptin group and 35.0% of the patients in the placebo group (Table 2) . Four adverse drug reactions (constipation, diarrhoea, hypersensitivity and hyperglycaemia) were suspected to be related to evogliptin, but the overall incidence of adverse drug reactions was low and similar between the 2 groups. No serious AEs occurred with evogliptin, and one serious AE (tendon rupture) was reported in one placebo recipi- b Duration of diabetes was calculated as the number of years between the day of consent and the day of diagnosis of T2D.
proportion of patients achieving HbA1c <6.5% was also significantly greater in the evogliptin group than in the placebo group. Additionally, we observed a numerically greater increase in FPG levels in the placebo group at 24 weeks compared with the evogliptin group. The incidence of treatment-emergent AEs was similar to the incidence in the placebo group.
According to previous clinical trials with DPP-4 inhibitors as monotherapy for 24 weeks, DPP-4 inhibitors have been reported to reduce HbA1c level by 0.5% to 0.8% from baseline. [11] [12] [13] [14] [15] [16] [17] Based on these findings, the 0.23% reduction in HbA1c from baseline may indicate that evogliptin is less effective than other DPP-4 inhibitors;
however, considering that the mean baseline HbA1c levels in the phase III clinical trials of other DPP-4 inhibitors as monotherapy were relatively high (7.8%-8.4%) and that higher levels of baseline HbA1c
were associated with greater declines in HbA1c with therapeutic intervention, [18] [19] [20] the results from the present study should be interpreted with caution, because baseline HbA1c level was 7.2%. In a phase II trial of evogliptin in patients with T2D whose mean baseline
HbA1c level was 7.6%, evogliptin 5 mg/d for 12 weeks had a significant effect on HbA1c reduction compared with the placebo group (−0.70% vs −0.13%, respectively; P = .0002). 9 The effect of HbA1c reduction in the phase II trial appears to be similar to the effect of other DPP-4 inhibitors.
Regarding the effect of DPP-4 inhibitors on reaching the target HbA1c <6.5%, 16% of the patients who received gemigliptin 50 mg monotherapy and 21% of the patients who received alogliptin 25 mg monotherapy were reported to exhibit HbA1c <6.5% in previous phase III trials. 13, 14 A statistical significance was observed only in the former compared with the placebo group (16% in the gemigliptin 50 mg group vs 3% in the placebo group; P < .005). The present study also showed that a significantly greater proportion of patients receiving evogliptin 5 mg monotherapy achieved target HbA1c
<6.5% compared with the patients receiving placebo (33% vs 15%, respectively; P = .008). Although a lower baseline HbA1c is associated with a higher likelihood of attaining the target HbA1c, the finding that a significantly higher proportion of patients in the evogliptin group achieved the target HbA1c level of <6.5% in this study supports the significant HbA1c-lowering effect of evogliptin treatment.
Given the trend of an increased prevalence of T2D worldwide and the decreased proportion of undiagnosed cases attributable to early detection of T2D with improvements in screening programmes, [21] [22] [23] now it is not unusual for clinicians to see patients with newly diagnosed diabetes with modestly elevated HbA1c levels (~7%) in daily clinical practice more than they ever did before; therefore, the results from the present trial showing the efficacy and safety of evogliptin 5 mg in patients with a mean baseline HbA1c of 7.2% and the finding that 25% of the evogliptin recipients had a T2D duration of <4 weeks suggest that evogliptin may be a suitable choice for patients with modest hyperglycaemia.
Although the exact mechanisms of DPP-4 inhibitors are less clear, the accumulated evidence shows that DPP-4 inhibitors generally work by increasing incretin (GLP-1 and GIP) levels in the physiological range and improving pancreatic β-cell function. 24 In the present study, evogliptin also improved the HOMA-β index at week 24 and increased the C-peptide AUC 0-2h and insulin AUC 0-2h levels. The most frequently reported AEs were similar to the adverse events typically observed with other DPP-4 inhibitors and were mild in severity. [11] [12] [13] [14] [15] [16] [17] Although one mild and asymptomatic case of hypoglycaemia was observed in the evogliptin group, this event was determined to be unrelated to exposure to the study drug. Pancreatitis was also not reported in this study. In conclusion, evogliptin 5 mg monotherapy significantly decreased
HbA1c and was well tolerated in patients with T2D inadequately controlled on diet and exercise. The results from the present study suggest that patients with T2D with modest hyperglycaemia may be good candidates for evogliptin monotherapy. Evogliptin 5 mg once daily provides a new option for clinicians in the management of T2D.
